
Abstract. Background: Biopharmaceutical studies for anti-
cancer drugs are typically conducted in cancer patients due
to unacceptable toxicities to healthy volunteers. Navitoclax
is a first-in-class, orally bioavailable, targeted Bcl-2 family
protein inhibitor that has been studied in cancer patients.
Methods: A strategy that integrated the evaluation of non-
clinical toxicology data and clinical data in cancer patients
was employed to assess the feasibility, determine doses and
establish risk management plans for studying navitoclax in
healthy volunteers. Two relative bioavailability/food effect
studies with either a 25 mg dose or 50 and 100 mg doses of
navitoclax were conducted sequentially in healthy female
volunteers of non-childbearing potential. Results/Conclusion:
Navitoclax was well-tolerated in both studies in healthy
volunteers, and did not impose risks beyond the minimal
levels expected in healthy volunteer studies. Compared to a
similar study in cancer patients, the studies in healthy
volunteers generated higher quality data in a short period of
time to support formulation selection.

Navitoclax is a first-in-class, orally bioavailable, Bcl-2 family
protein inhibitor that binds with high affinity to multiple Bcl-2
family proteins including antiapoptotic Bcl-XL, Bcl-2, and
Bcl-w. Navitoclax has demonstrated activities against a broad
range of tumor cell lines in vitro and in xenograft models as a
single agent or in combination with chemotherapies (1, 2). In
Phase 1 and Phase 2 studies, observed clinical responses

occurred across a range of doses and in several tumor types
including chronic lymphocytic leukemia (CLL), small
lymphocytic lymphoma (SLL), follicular lymphoma (FL),
natural killer/T (NK/T)-cell lymphoma and small cell lung
cancer (SCLC) (3-6). 

The clinical investigation of navitoclax was initiated in
cancer patients using an oral lipid solution. After oral
administration, navitoclax reached the peak plasma
concentration (Cmax) at approximately 9 h and had a terminal
half-life of about 17 h. Cmax and the area under the
concentration-time curve of navitoclax were approximately
dose-proportional between 10 and 475 mg doses. There were
no apparent differences in navitoclax pharmacokinetics
among subjects with CLL, other lymphoid malignancies, or
solid tumors. As navitoclax moved into Phase 2/3
development, a more stable and patient-friendly drug
formulation was desirable, and several candidate
formulations were to be evaluated.

For drug development in most therapeutic areas, healthy
volunteers are recruited for biopharmaceutical studies.
However, in anticancer drug development, these studies are
typically conducted in cancer patients because traditional
chemotherapies, such as taxanes and alkylating agents, are
too toxic to be studied in healthy volunteers. Executing
biopharmaceutical studies in cancer patients faces many
challenges that are less prevalent in similar studies in healthy
volunteers, such as slow recruitment and restrictions on the
study design (Table I). In the last two decades, there have
been increasing numbers of anticancer drugs approved or in
development that more selectively target the cancer as
opposed to normal tissues. While many targeted anti-cancer
drugs continue to have a high severe adverse event rate,
others have a more mild-to-moderate toxicity profile, which
make them suitable for study in healthy volunteers. A few
targeted anticancer drugs have been studied in healthy
volunteers (7-13). 
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The feasibility of conducting studies of navitoclax in
healthy volunteers was assessed through an integrated
evaluation of nonclinical toxicity data and available
safety/tolerability data on navitoclax in cancer patients. The
assessment enabled studies in healthy volunteers to evaluate
the relative bioavailability and food effect of new navitoclax
formulations for Phase 2 and Phase 3 studies.

Methods

Strategy to assess and execute navitoclax studies in healthy
volunteers. A two-stage strategy was executed. In the first stage, the
nonclinical toxicology of navitoclax in single- and repeat-dose (up
to 6 months in duration in rats and 9 months in dogs), reproductive,
safety pharmacology, genetic and other special studies was
evaluated. The human equivalent dose (HED) of the no-observed-
adverse-effect level (NOAEL) for the most sensitive toxicology
animal species (i.e., dog) was calculated per U.S. Food and Drug
Administration (FDA) guidance (14). In addition, safety, tolerability
and pharmacokinetic data up to 475 mg navitoclax in ongoing Phase 1
dose escalation studies in subjects with solid tumors or lymphoid
malignancies including CLL were evaluated. Hematology data were
extensively collected and analyzed in the Phase 1 studies as well as
in nonclinical studies in dogs. Semi-physiological exposure-
response models were developed and well described navitoclax-
induced thrombocytopenia in both cancer patients and dogs (results
not reported). A dose of 25 mg for the first study in healthy female
volunteers of non-childbearing potential was primarily determined
based on the nonclinical safety assessment and platelet response to
navitoclax in cancer patients. 

After the first study in healthy volunteers was completed, the
pharmacokinetic and safety data from healthy volunteers were
evaluated in conjunction with Phase 1 pharmacokinetic and safety
data in cancer patients from ongoing Phase 1 dose-escalation studies
and non-clinical toxicology data. The clinical data from healthy
volunteers and patients outweighed the nonclinical data in
determining the risk to healthy volunteers when appropriate.
Adverse events deemed to be specific to cancer patients, such as
those resulting from prior chemotherapy and/or disease progression,
were excluded from the safety risk assessment for healthy

volunteers. In the Phase 1 studies of navitoclax in cancer patients,
severity of each adverse event was rated according to the National
Cancer Institute Common Terminology Criteria for Adverse Events
(NCI CTCAE), Version 3. The evaluation in Stage 2 provided
justification to administer a dose of navitoclax up to 100 mg (first-
in-human formulation) in a single-dose, multiple-period crossover
study. In both stages, risk management plans in addition to standard
safety procedures were established to further mitigate risk to healthy
volunteers.

Clinical studies. Subjects and study design: Studies 1 and 2 were
conducted in adult female subjects of non-childbearing potential
(surgically sterile or at least 2-year post-menopausal) in general
good health. Study 1 was a randomized, three-period crossover
study to evaluate the oral bioavailability of three formulations in 12
subjects. Subjects were administered a single 25 mg dose of
navitoclax as Formulation A (the first-in-human oral lipid solution)
or one of the two modified lipid (test) formulations (Formulations
B1 and B2) under a fasting condition on day 1 of each period. At
least 5 days separated the doses in adjacent periods. Study 2
evaluated the relative bioavailability and/or food effect of
Formulation A and a Meltrex tablet formulation (Formulation C) in
two cohorts of 12 subjects each. Each cohort followed a
randomized, three-period crossover design. On day 1 of each period,
subjects in cohort 1 were administered a reference regimen (50 mg
Formulation C under a fasting condition) or one of the two test
regimens (50 mg Formulation C after a low-fat and a high-fat meal,
respectively); subjects in cohort 2 were administered a reference
regimen (100 mg Formulation A under a fasting condition) or one of
the two test regimens (50 mg Formulation A after a high-fat meal
and 100 mg Formulation C under a fasting condition, respectively).
At least 7 days occurred between dosing in adjacent periods. 

Study 3 was a multi-center study in 35 subjects with lymphoid
malignancies or solid tumors. The subjects were divided among 3
cohorts. In cohorts 1 and 2, 12 subjects each were randomized to
assess the oral bioavailability of 250 mg of Formulations B1 and B2,
respectively, relative to that of 250 mg of Formulation A in a two-
period crossover fashion. In cohort 3, 11 subjects were randomized
to assess the oral bioavailability of 200 mg Formulation C after a
high-fat meal relative to that under a fasting condition, and relative to
that of 250 mg of Formulation A under a fasting condition in a three-
period crossover design. If the investigator deemed appropriate,
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Table I. Characteristics of biopharmaceutical studies in cancer patients vs. healthy volunteers.

Cancer patients Healthy volunteers

Subject motivation Access to new treatment Financial
Altruism Altruism

Free health checks
Recruitment Difficult and slow Easy and fast
Site experience in PK studies Variable Highly specialized
Confinement Uncommon Standard
Duration of PK study Limited Flexible
PK sampling Limited Extensive
Concomitant medications Somewhat restricted Not allowed
Existing medical conditions that may increase PK Variability Common Rare
Extension study Often required None

PK=Pharmacokinetic.



subjects who completed dosing and the pharmacokinetic blood
sampling were allowed to continue navitoclax treatment at a
previously determined Phase 2 dose and schedule.

In all studies, fasting conditions and high-fat meals were defined
as recommended by FDA (15). The low-fat meals provided
approximately 520 Kcal total calories with about 30% calories from
fat. Blood samples for navitoclax pharmacokinetic analysis were
collected after each dose.

Each study was approved by the Institutional Review Board and
conducted in accordance with the good clinical practice guidelines
of the International Conference on Harmonization and the ethical
principles of the Declaration of Helsinki. All subjects provided
written informed consent prior to the study.

Pharmacokinetic analysis. The pharmacokinetic parameter values of
navitoclax were estimated using noncompartmental methods.
Parameters estimated included the maximum observed plasma
concentration (Cmax), the time to Cmax (Tmax), the terminal-phase
elimination half-life (t1/2), the area under the plasma concentration-
time curve from time 0 to the time of the last measurable concentration
(AUCt) and from time 0 to infinite time (AUC∞). For Cmax, AUCt and
AUC∞, 90% confidence intervals for the bioavailability of the test
regimens relative to that of the reference were obtained within the
framework of an ANOVA model. Bioequivalence was concluded if the
confidence intervals were within the 0.80 to 1.25 range.

Safety and tolerability. In Studies 1 and 2, safety was evaluated by
assessing adverse events, physical examinations, vital signs,
electrocardiograms (ECGs), and laboratory tests. The numbers and
percentages of subjects reporting treatment-emergent adverse events
were tabulated by the MedDRA Term and Body System. Laboratory
test values and vital signs measurements that were very high or very
low, according to predefined criteria, were identified and evaluated
for clinical significance.

Results
Non-clinical toxicity profiles of navitoclax. Navitoclax is not
genotoxic. The main effects of navitoclax were testicular
toxicity, thrombocytopenia and lymphopenia. Both
thrombocytopenia and lymphopenia were dose-dependent,
reversible, and monitorable. Dose-dependent testicular

toxicity was observed in both rats and dogs. After 4 weeks
of once daily dosing, the NOAEL was 3 mg/kg/day in the
rat, with less severe effects at the end of a 4-week recovery
period suggestive of reversibility, and 1 mg/kg/day in the
dog, with minimal, non-adverse effects at the end of a 4-
week recovery period. There was no evidence of reversibility
with 13 weeks of dosing and a 13-week recovery period.
Minor navitoclax effects were observed on the rat ovary
(decreased in ovarian weights in all studies; ovarian atrophy
at the highest dose level, 100 mg/kg/day, in the chronic, 6-
month study). However, these effects were considered not to
be adverse due to the absence of associated histopathologic
findings or effects on fertility. The HED of 30 mg was based
on the NOAEL of 1 mg/kg/day for platelet and lymphocyte
count reductions and for testicular germ cell depletion in the
dog at dosing durations up to 13 weeks. This provided a
conservative estimate of the non-adverse navitoclax dose
level as determined from toxicology studies.

Safety of navitoclax in Phase 1 studies in cancer patients.
Navitoclax, as a monotherapy, was tolerable at doses up to
at least 250 mg in subjects with solid tumors or lymphoid
malignancies including CLL under a 14/21 day dosing or a
continuous once daily dosing schedule following a lead-in
period at a lower dose. 

Consistent with pre-clinical findings, grade 4
thrombocytopenia was the major dose-limiting toxicity
(DLT) for navitoclax in patients. The navitoclax-induced
thrombocytopenia in patients was characterized by a rapid
onset and was both dose-dependent and reversible. There was
no more than 21% (median) platelet reduction at nadir after
a single dose up to 40 mg (Table II). After a single 130 or
160 mg dose of navitoclax, the platelet count typically
reached nadir around one day after dosing and quickly
recovered towards baseline (Figure 1). The platelet nadir
ranged from 47% to 72% of baseline in cancer patients
receiving these doses.
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Table II. Platelet nadir after a single dose of navitoclax in cancer patients.

Subjects with solid tumors Subjects with lymphoid malignancies

Dose (mg) N Median (range)* Dose (mg) N Median (range)*

10 4 91% (82%-92%) 10 3 88% (84%-94%)
20 4 88% (85%-94%) 20 3 78% (77%-90%)
30 6 82% (72%-99%) 40 3 85% (83%-98%)
130 4 51% (47%-72%) 80 3 91% (72%-94%)
225 3 63% (59%-68%) 160 7 55% (50%-70%)
325 6 52% (10%-75% ) 225 4 51% (39%-82%)
425 5 28% (9%-87%) 315 9 37% (23%-62%)
475 3 14% (7%-21%) 440 6 38% (19%-49%)

*Values are expressed as percent of baseline.



In a study of navitoclax as monotherapy in patients with
refractory solid tumors, navitoclax doses up to 475 mg on a
14 of 21 day once-daily dosing schedule were studied. At the
10, 30, 130 and 225 mg doses, there were no grade 4
lymphopenia events and few non-clinically significant grade
3 lymphopenia events. One patient at the 20 mg dose level
had grade 3 lymphopenia at baseline and then progressed to
grade 4 lymphopenia after navitoclax treatment. The drop in
her lymphocyte count was not associated with any clinical
signs or symptoms. At doses above 225 mg, if there was a
decrease in lymphocytes, it occurred within the first few days
of therapy and always recovered within 10 days. 

Overall, there were sporadic opportunistic infections
across the studies in the navitoclax program. However, these
opportunistic infections only occurred in CLL patients at
rates that would be expected in this population.

Risk management plan for studies in healthy volunteers. In
the first healthy volunteer study at 25 mg dose (Study 1),
recruitment was limited to healthy female subjects of non-
childbearing potential, in view of testicular toxicity and
ovarian changes observed in nonclinical toxicology studies.
In the second study at 50 and 100 mg doses (Study 2), a risk
management plan was incorporated in the protocol to
mitigate the potential risks of reproductive toxicity, bleeding
(due to the possibility of thrombocytopenia events) and
opportunistic infection (due to the possibility of lymphopenia
events) (Table III).

Safety and tolerability of navitoclax in healthy volunteers. In
Studies 1 and 2, all regimens tested were generally well-
tolerated by the healthy volunteers. No deaths or other severe
adverse events were reported in either study. No vital sign
values were considered clinically significant or abnormal by
the investigator. No clinically significant changes in
hematology, serum chemistry or urinalysis laboratory
measurements were observed during the course of the
studies. Also, there were no clinically significant changes in
platelet or lymphocyte values from baseline. In Study 1, the
median (range) of platelet nadir during the entire study was
87% (79% - 95%) of baseline. In Study 2, the platelet nadir
during the study was 77% (64% to 84%) and 70% (55% to
83%) in cohorts 1 and 2, respectively. No subject had platelet
counts below 100,000/μL in either study. No reduction in
mean lymphocyte values was observed. There were no
apparent differences between the regimens within each study
with regard to safety.

Navitoclax pharmacokinetics, relative bioavailability and
food effect assessments. After a single dose of navitoclax
(Formulation A) under a fasting condition, navitoclax
pharmacokinetic parameters in healthy volunteers were
reproducible between Studies 1 and 2. However, the dose-
normalized Cmax and AUC in healthy volunteers appeared to
be higher than those in cancer patients in Study 3 (Table IV).

The oral bioavailability of a modified oral liquid solution
(Formulation B1) of navitoclax relative to that of the first-in-
human oral lipid solution (Formulation A) and the effect of a
high-fat meal on the oral bioavailability of navitoclax Meltrex
tablet (Formulation C) were evaluated in both healthy
volunteers and cancer patients (Table V). Bioequivalence was
achieved between Formulation B1 and Formulation A in
healthy volunteers. In contrast, assessment in cancer patients
suggested that the bioavailability of Formulation B1 was
about 30% higher than Formulation A. The 90% confident
intervals for the relative bioavailability assessment were
markedly tighter in healthy volunteers than in cancer patients.
The coefficient of variation (CV) for Cmax and AUC ranged
from 20% to 25% in healthy volunteers, markedly lower than
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Figure 1. Individual baseline-normalized platelet profiles after a single dose
of navitoclax in cancer patients. (a) 130 mg navitoclax in patients with solid
tumors. (b) 160 mg navitoclax in patients with lymphoid malignancies. 



the CV of 43% to 55% in cancer patients. The effect of food
on the oral bioavailability of the navitoclax Meltrex tablet
appeared to be comparable between healthy volunteers and
cancer patients, and between 50 and 200 mg doses. Compared
to dosing under the fasting condition, the high-fat meal
increased both Cmax and AUC∞ of navitoclax by about 70%
after a 50 mg dose in healthy volunteers, and increased Cmax
and AUC∞ of navitoclax by 78% and 100%, respectively,
after a 200 mg dose in cancer patients.

Study execution. Compared to Study 3 in cancer patients,
Studies 1 and 2 in healthy volunteers took significantly shorter
time to recruit the same number of subjects (Table VI). In
Studies 1 and 2, each cohort of 12 subjects started navitoclax
dosing on the same day and were confined during the 18-day
study. Confinement allowed the collection of pharmacokinetic
blood samples during the day and the night. In Study 3,
recruiting a cohort of 11 or 12 subjects ranged from 2.5 to 4.2
months. The average time of stay in the study ranged from 21
to 63 days among the three cohorts of cancer patients.

Discussion

Healthy volunteers and cancer patients have different
risk/benefit profiles when they participate in clinical trials.
One key ethical consideration is that, unlike cancer patients,
healthy volunteers do not derive potential therapeutic
benefits. The difference in risk/benefit profile is well-
reflected in the regulatory guidelines on selecting the starting
dose for the first-in-human clinical trials of new molecular

entities. According to FDA guidance on selecting the
maximum recommended starting dose (MRSD) in adult
healthy volunteers, toxicity should be avoided at the initial
clinical dose, and the MRSD should be computed based on
the NOAEL in preclinical species. It is recommended that
patients be used instead of healthy volunteers when a drug
is suspected or known to be unavoidably toxic (14). In
contrast, the ICH S9 guidance on anticancer pharmaceuticals
states that the goal of selecting the starting dose is to identify
a dose that is expected to have pharmacological effects and is
reasonably safe to use (16). A common approach is to set the
starting dose at 1/10 the severely toxic dose in 10% of the
animals in rodents. If the non-rodent is the most appropriate
species, then 1/6 the highest non-severely toxic dose is
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Table III. Risk management plan in study 2.

Risks Mitigation/Management plan

Reproductive toxicity Inclusion criteria 
• Women of non-childbearing potential

Bleeding Inclusion criteria 
• No prior personal or family history of bleeding disorders
• No clinically significant low Hb, prolonged PT, and/or prolonged aPTT 
• Baseline platelet count ≥200,000/μL
Safety monitoring during study conduct
• Confined ≥4 drug half-life and until platelet counts ≥65,000/μL 
• Specialist referrals if unresolved platelet counts <65,000/μL
• Skin and mucus membrane evaluated daily
Stopping rules
• Confirmed and persistent platelet count <65,000/μL
• Confirmed platelet count <40,000/μL

Opportunistic infections Safety monitoring during study conduct
• Grade 3 lymphopenia (250-499 cells/μL) monitored until resolution (22)
• CD4+ counts evaluated
Stopping rules
• Confirmed grade 3 lymphopenia

Hb: Hemoglobin; PT: prothrombin time; aPTT: activated partial thromboplastin time.

Table IV. Pharmacokinetic parameters of navitoclax after a single dose
of Formulation A under fasting conditions.

Pharmacokinetic Study 1* Study 2* Study 3**
parameters (units) (N=12; (N=11; (N=12; 

25 mg) 100 mg) 250 mg)

Tmax (h) 6.2±0.6 6.5±0.9 8.9±1.8
Cmax/Dose (μg/ml/mg) 0.027±0.006 0.027±0.006 0.012±0.005
AUCt/Dose (μg•h/ml/mg) 0.333±0.083 0.344±0.077 0.232±0.124
AUC∞/Dose (μg•h/ml/mg) 0.347±0.087 0.358±0.081 0.266±0.146
t½¢ (h) 16.3±1.3 16.6±1.6 13.8±2.4

¢Harmonic mean±pseudo-standard deviation, *Studies 1 and 2 were
conducted in healthy volunteers, **Study 3 was conducted in cancer
patients.



considered an appropriate starting dose. This approach leads
to a starting dose higher than that based on the NOAEL.

Dose was a critical factor in determining whether it was
feasible to study navitoclax in healthy volunteers. To
successfully test the 100-mg Meltrex tablet formulation, the
goal was to be able to administer navitoclax at least at 100 mg.
The two-stage strategy was primarily based on two
considerations. First, because cancer patients were considered
more reliable than toxicology animal species in assessing the
risk of thrombocytopenia in healthy volunteers, the dose-
response knowledge of thrombocytopenia in patients enabled
the selection of a 25 mg dose, a dose close to the HED (30 mg)
rather than the MRSD (1/10 of HED), for the first healthy
volunteer study. Secondly, the interpretation of adverse events
profiles in cancer patients is typically confounded by underlying
disease, prior anti-cancer therapies, and/or concomitant
medications. For a new molecular entity with limited clinical
experience, the assignment of causality is often challenging.
Therefore, translating safety/tolerability findings in cancer
patients to healthy volunteers often has significant uncertainties,
which precluded the selection of 100 mg dose in the first study
in healthy volunteers. Owing to the rigorous assessment in
advance, navitoclax was generally well tolerated in healthy
volunteers. The effect of navitoclax on platelet levels in healthy
volunteers was mild and consistent with the prediction before
each study. There were no clinically significant changes in
platelet or lymphocyte values from baseline. No bleeding events
or opportunistic infections occurred during the studies.

The establishment of a risk management plan was an
effective tool to alleviate the concerns arising from the
uncertainty in translating toxicity findings from cancer
patients and from nonclinical studies to healthy volunteers.
The primary safety risks identified were male reproductive
toxicity, bleeding resulting from thrombocytopenia and
opportunistic infection resulting from lymphopenia. It was
important to recognize that navitoclax-induced
thrombocytopenia was monitorable, reversible and dose-
dependent. The rapid onset and recovery of platelet counts
after navitoclax treatment and the reported role of Bcl-XL in
regulating platelet lifespan indicate that navitoclax
accelerates apoptosis of circulating mature platelets, which
differs from thrombocytopenia caused by conventional
chemotherapy (17, 18). The risk management plan was
designed and implemented through more restrictive
inclusion/exclusion criteria, additional safety monitoring
during the study and clear study stopping rules. As a
stopping rule, confirmed and persistent platelet counts
<65,000/μL or confirmed platelet counts <40,000/μL was
selected to minimize bleeding risk. In two prospective
clinical trials, platelet counts above 50,000/μL have been
shown to be safe with minimal risk of minor or major
bleeding episodes (19, 20). The risk of spontaneous bleeding
only increases with platelet counts less than 40,000/μL (21). 

This report also illustrated several advantages of
conducting biopharmaceutical studies in healthy volunteers
compared to cancer patients. From patients’ perspective, they
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Table V. Relative bioavailability and 90% confidence intervals (cis) for the bioequivalence assessment.

Regimens Relative bioavailability Total variability (%CV)
Pharmacokinetic

Test vs. Reference parameter Point estimate 90% CIs Reference Test

Healthy volunteers (Study 1 or 2)
B1(LF) vs. A1(LF) Cmax 1.063 0.940-1.201 22.0 19.8
(N=12) AUCt 1.015 0.956-1.077 24.8 24.5

AUC∞ 1.014 0.958-1.073 25.2 25.3
C1(HF) vs. C1(FA) Cmax 1.738 1.498-2.016 31.4 21.3
(N=12) AUCt 1.706 1.479-1.969 32.9 12.8

AUC∞ 1.699 1.477-1.955 32.6 13.2

Cancer patients (Study 3)
B2(LF) vs. A2(LF) Cmax 1.322 1.104-1.582 45.1 43.1
(N=12) AUCt 1.308 1.097-1.561 53.1 46.5

AUC∞ 1.274 1.063-1.527 54.7 48.0
C2(HF) vs. C2(FA) Cmax 1.776 1.238-2.547 38.4 44.1
(N=12) AUCt 2.023 1.459-2.806 38.2 37.2

AUC∞ 2.007 1.453-2.771 41.2 38.2

Regimen A1(LF): 25 mg Formulation A after a low-fat meal; Regimen A2(LF): 250 mg Formulation A after a low-fat meal; Regimen B1(LF): 25
mg Formulation B1 after a low-fat meal; Regimen B2 (LF): 250 mg Formulation B1 after a low-fat meal; Regimen C1(FA): 50 mg Formulation C
under a fasting condition; Regimen C1(HF): 50 mg Formulation C after a high-fat meal; Regimen C2(FA): 200 mg Formulation C under a fasting
condition; Regimen C2(HF): 200 mg Formulation C after a high-fat meal.



do not have to first participate in a pharmacokinetic study
over a course of 2-3 weeks before receiving a potentially
life-prolonging investigational therapy. From the drug
development perspective, studies in healthy volunteers take
a much shorter time with less cost to obtain the same, if not
more robust, results. In the case of navitoclax, due to lower
pharmacokinetic variability in healthy volunteers (20% to
25%) compared to cancer patients (43% to 55%), a study in
12 healthy subjects produced a much more robust
comparison between formation B1 and Formulation A.
Furthermore, by avoiding the slow recruitment of cancer
patients, each biopharmaceutical study with 12 healthy
volunteers saved 2.5 to 4.2 months in recruitment time.
Shorter start-up time for studies in healthy volunteers
compared to those in cancer patients could result in
additional time saving.

Conclusion

In summary, biopharmaceutical studies of navitoclax were
successfully implemented in healthy volunteers with careful
assessment of both clinical and non-clinical data, and with
appropriate risk management plans. Biopharmaceutical
studies in healthy volunteers, when feasible, avoid delaying
potentially active treatments to cancer patients, provide high-
quality data faster, and do not impose risks beyond the
minimal levels expected in healthy volunteer studies.
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